The Numerical Simulations and Resonant Scattering of Intensive
  Electromagnetic Fields of Waves by Dielectric Layer with Kerr-Like
  Nonlinearity by Yatsyk, V. V.
7KH1XPHULFDO6LPXODWLRQVDQG5HVRQDQW6FDWWHULQJRI,QWHQVLYH(OHFWURPDJQHWLF)LHOGVRI:DYHVE\'LHOHFWULF/D\HUZLWK.HUU/LNH1RQOLQHDULW\
9DV\O9<DWV\N
8VLNRY,QVWLWXWHIRU5DGLRSK\VLFV	(OHFWURQLFV1DWLRQDO$FDGHP\RI6FLHQFHVRI8NUDLQH
$EVWUDFW
2Q DQ H[DPSOH RI WKH RSHQ QRQOLQHDU HOHFWURG\QDPLF V\VWHP  WUDQVYHUVH QRQKRPRJHQHRXV LVRWURSLF QRQPDJQHWLF OLQHDUO\ SRODUL]HG QRQOLQHDU D.HUUOLNH GLHOHFWULFQRQOLQHDULW\GLHOHFWULFOD\HUWKHDOJRULWKPVRIVROXWLRQ RIWKHGLIIUDFWLRQSUREOHPRIDSODQHZDYH RQ WKH QRQOLQHDU REMHFW DQG WKH UHVXOWV RI WKH QXPHULFDO DQDO\VLV RI WKH QRQOLQHDUSUREOHP DUHVKRZQ7KHQRQOLQHDUGLIIUDFWLRQ SUREOHPUHGXFHGWKHVROXWLRQVRIWKHV\VWHPVRIWKHQRQKRPRJHQHRXVQRQOLQHDUHTXDWLRQV RIWKHVHFRQGNLQGRQ WKHEDVHRIWKHLWHUDWLYHVFKHPHV7KHUHVXOWVRIWKHQXPHULFDODQDO\VLVRIWKHGLIIUDFWLRQSUREOHPRIDSODQHZDYHRQWKHQRQOLQHDU REMHFW DUHVKRZQ7KHHIIHFWVQRQXQLIRUPVKLIWRIUHVRQDQWIUHTXHQF\RIWKHGLIIUDFWLRQ FKDUDFWHULVWLFV RI D QRQOLQHDU GLHOHFWULF OD\HU LQFUHDVH RI WKH DQJOH RI WKHWUDQVSDUHQF\RIWKHQRQOLQHDUOD\HUDWJURZWKRILQWHQVLW\RIWKHILHOGDUHIRXQGRXW
.H\ZRUGVQRQOLQHDULW\FXELF QRQOLQHDULW\.HUUOLNHGLHOHFWULFQRQOLQHDULW\ WKHSKDVHLWVHOIPRGXODWLRQUHVRQDQWVFDWWHULQJQXPHULFDOVLPXODWLRQV
7KH'LIIUDFWLRQ3UREOHP
0D[ZHOO¶VHTXDWLRQV             

   w
w uww u WU%WU' W
WU'FWU+W WU%FWU( &&&&
&&&&&&&& 
DQGWKHPDWHULDOHTXDWLRQV           WU0WU+WU% WU3WU(WU'   &&&&&& &&&&&& SS  
:KHQ     WU0 && WKHHTXDWLRQVDUHUHGXFHGWRVHH>@
               wwww WU3WFWU'WFWU(WU( 1// &&&&&&&& S 
 (PDLODGGUHVV\DWV\N#YNNKDUNRYXD\DWV\N#LUHNKDUNRYXD
+HUH     (3(' // &&&& HS        (3 / && F      M/LM/L (' && H      LM/LM SFH    ]\[ ((((  &  ]\[ 3333  &     1/L/LL 333 {      MLM/L (3 F{        { ONMLMNONMLMN1/L (((((3  FF   /LMHDUH FRPSRQHQWVRI D WHQVRURID OLQHDUSDUWRIGLHOHFWULFSHUPLWWLYLW\ H  DFFRUGLQJO\ WKHVHSDUDPHWHUV  LMF   LMNF   LMNOF  DUHFRPSRQHQWVRIWKHDSSURSULDWHWHQVRUVRIVXVFHSWLELOLWLHV F   F   F  /HW      U(WLWU( &&&&  ZH[S :HFRQVLGHU DQRQPDJQHWLF  0&  LVRWURSLF WUDQVYHUVHQRQKRPRJHQHRXV      ]] /[[/ HH   OLQHDUO\SRODUL]HG  [((  &   ]\ +++  & (SRODUL]HGDQG.HUUOLNHQRQOLQHDULW\       [[[[[[1/[ ((3  F ZKHUH      1/[1/ 33  & GLHOHFWULFOD\HU)LJ>@,QWKLVFDVHVHHDQG>@         (((' &&&& HH 
7KH FRPSOHWH GLIIUDFWLRQ ILHOG      ]\(]\(]\( [VFDW[LQF[GLI DD  RI D SODQH ZDYH  > @ GSGSI H[S !* ]]\LD]\( LQF[LQF RQWKHQRQOLQHDU GLHOHFWULFOD\HU)LJVDWLVILHVVXFKFRQGLWLRQVRIWKHSUREOHPVHH
     
        






 ¹¸·©¨§ ¹¸·©¨§'{
{'
]\((]
3F(]F(
[GLI[GLI
1//
DDD HN
SZHZ &&&  
WKHJHQHUDOL]HGERXQGDU\FRQGLWLRQV
        
      RQHQHLW\TXDVLKRPRJVSDWLDORIFRQGLWLRQWKHH[S LWLHVGLVFRQWLQXDWFRQWLQXRXVDUHDQG  \\L]8]\( (]+( GLI[GLI [GLIJWGLIWJGLI I HDD DDDD  
WKHFRQGLWLRQRIWKHUDGLDWLRQIRUVFDWWHUHGILHOG
)LJXUH 1RQOLQHDUGLHOHFWULFOD\HU
         GSGSIDDD H[S r!*r°¿°¾½°¯°®­ ]]\LED]\( VFDWVFDW[VFDW # 
+HUH         °¯°®­ d ! ¹¸·©¨§ SGDH SGH DDD    ](] ](] [GLI/[GLI   ]\ wwww  '    [[[[SFD    IN  *   MNI VLQ{  SM  VHH)LJ  OSZN { F     PHF  H  PDQGO OHQJWKRIWKHZDYH LVWKHSDUDPHWHUVRIHQYLURQPHQW7KHUHTXLUHGRIWKHVROXWLRQRISUREOHPDUHRINLQG
                       °¯°®
­
* d
!** 
  
H[S __H[S
H[SH[S H[S
GSGSI GSI
GSGSIGSI I
D
D
D
DD
]]\LE ]\L]8
]]\LD]\LD \L]8]\(
VFDW
VFDW
VFDWLQF
GLI[GLI

+HUH      E8 VFDWGLI DD SG         DD8 VFDWLQFGLI DD SG   7KH QRQOLQHDU SUREOHP  LV UHGXFHG WR ILQGLQJ WKH VROXWLRQV   @>  SGSGD /]8GLI VHH  RI WKHQRQKRPRJHQHRXVQRQOLQHDU LQWHJUDWHGHTXDWLRQRIWKHVHFRQGNLQG>@
              ____H[S   SGDHN DDGS GSD d »¼º«¬ª ¹¸·©¨§ ** ³ ]]8G]]8]8]]]LL]8 LQFGLIGLI/GLI 
ZKHUH    > @GSH[S * ]LD]8 LQFLQF 
1XPHULFDO6LPXODWLRQV,WHUDWLRQ6FKHPHRQWKH%DVLVRI6LPSVRQ
V4XDGUDWXUH
7KH LQWHJUDWHG HTXDWLRQ  ZLWK DSSOLFDWLRQ RI WKH TXDGUDWXUH PHWKRG LV UHGXFHG WR WKHV\VWHP RIWKHQRQOLQHDUHTXDWLRQV RIWKHVHFRQGNLQG>@
      888%( LQFGLIGLI   DDD   
+HUH SGSG     1Q ]]]]          1 PQGLIPQPGLI 8.$8%   ¿¾½®¯­ ¹¸·©¨§ ¹¸·©¨§ DDDD 
             »¼º«¬ª ¹¸·©¨§ ** ¹¸·©¨§  __H[S PGLIP/PQGLIPQ ]8]]]LL8. DDD DHN 
     ^ 1`QQGLIGLI ]88   DD  ^ 1`PQPQ(    G   > @^ `1QQLQFLQF ]LD8 H[S  * GS  PQG LV WKH.URQHFNHUGHOWD P$ DUHWKHQXPHULFDOFRHIILFLHQWVGLFWDWHGE\FKRVHQTXDGUDWXUHIRUP6ROXWLRQVRIWKHV\VWHPDUHFDUULHGRXWE\WKHPHWKRG RILWHUDWLRQV
         
            


 [DDD
DDD 
 


°¿°¾
½
°¯°®
­  ¸¸¸¹
·¨¨¨©
§ ¸¸¹
·¨¨©
§
VGLIVGLIVGLI 8886
V
LQFVGLIVGLI 888%( 
+HUHLQGH[ [ LVWKH JLYHQPHDQLQJRIDUHODWLYHHUURU
1HZWRQLDQ$OJRULWKPDQG6LPSVRQ
V4XDGUDWXUH
,QWHJUDQGIXQFWLRQLQLVQRWKRORPRUSKLFRQ   ]8GLID  EXWLWLV KRORPRUSKLF LQVSDFHRIDUJXPHQWV      ^ `,P5H ]8]8 GLIGLI DD $SSO\LQJ DPHWKRG RI TXDGUDWXUHV LQ VSDFH RI UHDOYDOXHVRIDUJXPHQWV          ^ `8888 GLIGLIGLIGLI DDDD ,P5H {cc{c ZHKDYH>@VHHDQG
   ^ `  ^ `          cccccc 88L888%( LQFGLIGLIGLIGLI DDDDD 
+HUH SGSG     1Q ]]]]   > @^ 1`QQLQFLQF ]LD8 H[S  * GS ^ 1`PQPQ(    G  PQG LV WKH .URQHFNHU GHOWD        ^ 1`QQGLIQGLIGLI 8]88  c{c c DDD 
       ^ 1`QQGLIQGLIGLI 8]88  cc{cc cc DDD     ^ `  ^ `     ^ `  ^ ` ^ 1`PQGLIGLIPQPGLIGLI 88.$88%   ccc ccc DDDDDD 
   ^ `  ^ `       ^ `  ^ `  > @ __H[S PGLIPGLIP/PQGLIGLIPQ 88]]]LL88. ccc** ccc DDDDD DHN 
P$ DUHWKHQXPHULFDOFRHIILFLHQWVGLFWDWHGE\FKRVHQTXDGUDWXUHIRUP6\VWHPRIWKHQRQOLQHDUHTXDWLRQVZHVKDOOZULWHGRZQDV
              > @     ^ `  ^ `  > @      1QPGLIPGLI1P PGLIPGLIP/PQP QLQFQGLIQGLI1GLI1GLIGLIGLIQ 8L888]]]L$
L]LD8L88888I




__H[S 
H[S
  °°¿
°°¾
½
°°¯
°°®
­
 cccccc*u
u**ccc cccccc¦ DDDDDDDDDD DH
NGS 
/HW
VZULWHGRZQLQDYHFWRUNLQG
        
            ,P 5H   &&&  °¿°¾½°¯°®­  cccccc  cccccc  8I8888I 8888I GLI1Q1GLI1GLIGLIGLIQ 1GLI1GLIGLIGLIQ DDDDD DDDD  
KHUH               71GLI1GLISGLISGLIGLIGLIGLI 8888888 ccccccccc{ DDDDDDD   &  7  WUDQVSRVLWLRQ 7KH VROXWLRQFRXOGEHIRXQGE\D1HZWRQLDQPHWKRG>@
            ZKHQ 88N8I88- GLINGLINGLINGLINGLIN &&&&&& DDDDD ofo   
KHUH   NGLIN 8-- &D{ LV WKH N WK LWHUDWLRQ RI WKH -DFRELPDWUL[HV   8- GLI &D IRU YHFWRU IXQFWLRQ
  8I GLI && D 
  
  
  
  
  
  
               
               
               
                ¸¸¸¸¸¸
¸¸¸
¸¸¸
¸¸
¹
·
¨¨¨
¨¨¨
¨¨¨
¨¨¨
¨¨
©
§
ccwwcwwccwwcww
ccwwcwwccwwcww
ccwwcwwccwwcww
ccwwcwwccwwcww
{
¸¸¸
¸¸¸
¸¸¸
¸¸¸
¹
·
¨¨¨
¨¨¨
¨¨¨
¨¨¨
©
§
{
1GLI
GLI1
1GLI
GLI1GLI
GLI1GLI
GLI1
1GLI
GLI1
1GLI
GLI1GLI
GLI1GLI
GLI1
1GLI
GLI
1GLI
GLI
GLI
GLI
GLI
GLI 1
GLI
GLI
1GLI
GLI
GLI
GLI
GLI
GLI
GLI
GLI1
GLI1
GLI
GLI
GLI
88I88I88I88I
88I88I88I88I
88I88I88I88I
88I88I88I88I
8-
8I 8I
8I 8I
8I
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
&&&&
&&&&

&&&&
&&&&
&
&&
 
 
&&
&&
,P,P,P,P
5H5H5H5H
,P,P,P,P
5H5H5H5H

,P5H
,P5H















DWWKHIROORZLQJIXQFWLRQVIRU 1SQ   VHH
        > @     ^ `  ^ `  > @     
        ^ `      ^ ` > @
        ^ `      ^ ` > @ __H[S

__H[S
__H[S 
H[S






SGLISGLISGLISGLIS/
SQSQSSGLI
GLIQ
SGLISGLISGLISGLIS/
SQSQSSGLI
GLIQ
PGLIPGLI1P P
GLIPGLIP/PQP
QLQFQGLIQGLIGLIQ
888L8]
]]L$L88I
888L8]
]]L$L88I
8L888]]]L$
L]LD8L88I
ccccccu
u** ccww
ccccccu
u** cww
cccccc*u
u**ccc ¦ 
DDDD
D
D
DDDD
D
D
DDDD
DDD
DH
NG
DH
NG
DH
NGS
&
&
&

1HZWRQLDQ$OJRULWKPDQG7HLORU6HULHVRIWKH'LIIUDFWLRQ)LHOG
/HW
VILQGWKHVROXWLRQ RIWKHHTXDWLRQDV
                 __,P5H  SGDDDDDDDD d{cc{cccc  ¦¦   ]5FFFF]FLF]F]8 QGLIQGLIQGLIQGLI/Q QQGLIQGLI/Q QQGLIGLI 
$IWHUVXEVWLWXWLRQLQFDOFXODWLRQVRIYDOXHRIWKHHTXDWLRQDQGLWVGHULYDWLYHV^ /`OOO ]  ww LQWKHSRLQW  ] ZHREWDLQWKHV\VWHPRIGLIIHUHQWLDEOHIXQFWLRQVLQVSDFHRIDUJXPHQWV    ^ /`QQGLIQGLI FF   ccc DD VHH>@
                             
    
/
O
/
Q
QQGLIQGLI
/
Q
QQGLI/Q
QQGLI/O
O
O
O
OLQFOGLIOGLI/GLI/GLIGLIGLIO
G]]FLF
]F]F]]L]VLJQ
OLLOLDkLkFFFFI
 



 

 



H[S
H[S
  
   

°°°
°
¿
°°°
°
¾
½
°°°
°
¯
°°°
°
®
­
 ¹¸·©¨§ cccu
u»»¼
º««¬
ª ¸¸¹·¨¨©§ ¿¾½®¯­ cc¿¾½®¯­ c*u
u***ccc cccccc
¦
³ ¦¦
DD
SG
SG DD
DDDDDD
DH
GNSGG 
/HW
VZULWHGRZQV\VWHPLQDYHFWRUNLQG
        
            ,P 5H   &&&  °¿°¾½°¯°®­  cccccc  cccccc  FIFFFFI FFFFI GLI/O/GLI/GLIGLIGLIO /GLI/GLIGLIGLIO DDDDD DDDD 
KHUH           7/GLI/GLIGLIGLIGLI FFFFF cccccc{ DDDDD   &    {FI GLI && D             7GLI/GLI/GLIGLI FIFIFIFI &&&& DDDD ,P5H,P5H  7KHVROXWLRQFRXOGEHIRXQGE\DPHWKRGRI1HZWRQVHH>@
            ZKHQ FFNFIFF- GLINGLINGLINGLINGLIN &&&&&& DDDDD ofo   
KHUH   NGLIN F-- &D{ LV WKH N WK LWHUDWLRQ RI WKH -DFREL PDWUL[HV   F- GLI &D IRU YHFWRUIXQFWLRQ   FI GLI && D /HW
VQRWHWKDW KDYLQJSUHVHQWHGDOLQHDUSDUWRIGLHOHFWULFSHUPHDELOLW\DV
   ¦  *J JJ/ ]]  HH  SG__ d]  
KHUH ^ ` &*JJ  H & LVWKHFRPSOH[VHW:HHDVLO\UHFHLYHREYLRXVDQDO\WLFDOH[SUHVVLRQVIRUWKHIXQFWLRQ   FI GLI && D DQG-DFRELPDWUL[   F- GLI &D 
  
  
  
  
  
  
               
               
               
                ¸¸¸¸¸¸
¸¸¸
¸¸¸
¸¸
¹
·
¨¨¨
¨¨¨
¨¨¨
¨¨¨
¨¨
©
§
ccwwcwwccwwcww
ccwwcwwccwwcww
ccwwcwwccwwcww
ccwwcwwccwwcww
{
¸¸¸
¸¸¸
¸¸¸
¸¸¸
¹
·
¨¨¨
¨¨¨
¨¨¨
¨¨¨
©
§
{
/GLI
GLI/
/GLI
GLI/GLI
GLI/GLI
GLI/
/GLI
GLI/
/GLI
GLI/GLI
GLI/GLI
GLI/
/GLI
GLI
/GLI
GLI
GLI
GLI
GLI
GLI /
GLI
GLI
/GLI
GLI
GLI
GLI
GLI
GLI
GLI
GLI/
GLI/
GLI
GLI
GLI
F FIF FIF FIF FI
F FIF FIF FIF FI
F FIF FIF FIF FI
F FIF FIF FIF FI
F-
FI FI
FI FI
FI
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
&&&&
&&&&

&&&&
&&&&
&
&&
 
 
&&
&&
,P,P,P,P
5H5H5H5H
,P,P,P,P
5H5H5H5H

,P5H
,P5H















DWWKHIROORZLQJIXQFWLRQVIRU /SO   VHH
                 
              
         
              
         
                



H[S
 


 


 


»¼ºccccccccc
«¬ª * ccww
»¼ºccccccccc
«¬ª * cww
¿¾½®¯­ ccccccu
uccc***ccc 
¦¦ ¦
¦¦ ¦
¦¦¦ ¦
  
 
  
 
    
 

/
Q
/
P P
GLIQGLIPGLIQGLIPGLIQGLI
*
J JO
OOSSGLI
GLIO
/
Q
/
P P
GLIQGLIPGLIQGLIPGLIQGLI
*
J JO
OOSSGLI
GLIO
/
Q
/
P P
GLIQGLIPGLIQGLI*J J
/
V V
GLIVGLIO
O
O
OLQFOGLIOGLIGLIO
SPQO9FFLFFFF
JSO9SO9OLLLF FI
SPQO9FFLFFFF
JSO9SO9OLF FI
VPQO9FFFFJVO9VO9
FLFOLLOLDkLkFI
DDDDDD
D
D
DDDDDD
D
D
DDDD
DDDDD
D
HGNG
D
HGNG
DH
GNSGG
&
&
&

+HUH           S:G]]]L]VLJQSO9 SOSO  *{  ³ H[S  GS GS DQG  u* SGH[S LS:                        * *»¼º«¬ª * *u ¦ SSSSSN NSNNSS LSSLL NSSSL  GGSGGSG 
7KHQXPHULFDO DQDO\VLV,QWHQVLW\$QG5HVRQDQW)UHTXHQF\
7KH HIIHFW RI QRQXQLIRUP VKLIW RI UHVRQDQW IUHTXHQF\ RI WKH GLIIUDFWLRQ FKDUDFWHULVWLFV RIQRQOLQHDU GLHOHFWULF OD\HU LV IRXQGRXW DW LQFUHDVH RI LQWHQVLW\RI LQFLWLQJ ILHOG >@ VHH)LJDQGDOVR)LJ
                   


 
 
.
_,_ 
_LQF D
_

  
  
  
  
6KDUHRIWKHUHIOHFWHGZDYH   DK 5 )LJXUH  3DUDPHWHUVRIWKHQRQOLQHDUSUREOHP  D     /H   G   M 
*URZWK RI LQWHQVLW\ RI WKH LQFLWLQJ ILHOG D, LQF UHVXOWV LQ FKDQJH      ,55 DDK   UHGXFWLRQ RI YDOXH RI UHVRQDQW IUHTXHQF\ ZLWK LQFUHDVH DQGUHGXFWLRQ RI D VWHHSQHVV RI WKH GLIIUDFWLRQ FKDUDFWHULVWLFV EHIRUH DQG DIWHU UHVRQDQWIUHTXHQF\)LJ+HUH    D5 VFDWDD {     E7 VFDWDD { DQG      DD 57,  
,QWHQVLW\DQG7UDQVSDUHQF\
7KH HIIHFW RI LQFUHDVH RI WKH DQJOH RI WKH WUDQVSDUHQF\ RI WKH QRQOLQHDU OD\HU  zD  DWJURZWKRILQWHQVLW\RIWKHLQFLWLQJILHOGLVIRXQGRXW>@6HHFRQWRXU RIFRHIILFLHQWRI UHIOHFWLRQRQ )LJ$DQGJUDSKLFVRQ)LJ% IRU  DLQF DW |M )LJ&IRU DLQF DW |M DQG)LJ'IRU  DLQF DW |M 
     



,QWHQ
VLW\
]  D, LQF   N
      



,QWHQ
VLW\
]  D, LQF   N
$ %
      



,QWHQ
VLW\
]  D, LQF   N
     



,QWHQ
VLW\
=  D, LQF   N& ')LJXUH  3DUDPHWHUVRIVWUXFWXUHDQGGHVLJQDWLRQV D     /H   G   M    [GLI (D      ¹¸·©¨§  [GLI (] DD H 
7KHVH HIIHFWV VHH VHFWLRQV  DQG  DUH FRQQHFWHG WR UHVRQDQW SURSHUWLHV RI DQRQOLQHDUGLHOHFWULFOD\HUDQGFDXVHGE\LQFUHDVHRIDYDULDWLRQRIGLHOHFWULFSHUPHDELOLW\RID OD\HU LWV QRQOLQHDU FRPSRQHQWV DW LQFUHDVH RI LQWHQVLW\ RI D ILHOG RI H[FLWDWLRQ RIUHVHDUFKHGQRQOLQHDUREMHFWVHH)LJ7KHJLYHQUHVXOWVRIFDOFXODWLRQVDUHUHFHLYHGZLWKXVHRIWKHLWHUDWLRQVFKHPH  ,QDFRQVLGHUHGUDQJHRIDYDULDWLRQRISDUDPHWHUVRIDQRQOLQHDUSUREOHPRIGLIIUDFWLRQ V\VWHPVRIWKHHTXDWLRQVRIGLPHQVLRQZHUHXVHG  1 $OVRWKHUHODWLYHVL]HRIDQHUURUZDVVHW [ 
    





M
_,_ _
LQF D_





&RQWRXU RIFRHIILFLHQWRIUHIOHFWLRQ D5   D
    




,QWH
QVLW
\
M
  D, LQF
$ %
    




,QWH
QVLW
\
M
  D, LQF
    






,QWHQ
VLW\
M
  D, LQF& ')LJXUH  3DUDPHWHUVDQGGHVLJQDWLRQVIRUQRQOLQHDU  D DQGOLQHDU {D OD\HU   /H   G   N  D5 DQG  D7 IRUQRQOLQHDUOD\HU ZLWK  D  D5 DQG  D7 IRU OLQHDUOD\HU ZLWK {D 

$OJRULWKPVDQGGHFLVLRQVRIWKHQRQOLQHDULQWHJUDWHGHTXDWLRQWKHQRQOLQHDU SUREOHP RI GLIIUDFWLRQ  KDYH D QXPEHU RI WKH DGYDQWDJHV SHFXOLDU WR DPHWKRGRI1HZWRQ7KH\PD\EHXVHG DW WKHDQDO\VLVRISURFHVVHVRI LQWHUDFWLRQRIZDYHVDQG DOVR ZKHQ JURZWK RI LQWHQVLW\ RI D ILHOG RI H[FLWDWLRQ UHVXOWV LQ LQIULQJHPHQW RIFRQYHUJHQFHRIWKHLWHUDWLRQVFKHPH 
&RQFOXVLRQ
7KHSURSRVHGDOJRULWKPVDQGUHVXOWVRIWKHQXPHULFDODQDO\VLV DUHDSSOLHGDWLQYHVWLJDWLRQRI SURFHVVHV RI ZDYH VHOILQIOXHQFH >@ DW WKH DQDO\VLV RI DPSOLWXGHSKDVH GLVSHUVLRQ RIHLJHQRVFLOODWLRQZDYHILHOGV LQ WKHQRQOLQHDUREMHFWVWKHQRUPSUREOHPRIRZQILHOGRIDQRQOLQHDU VWUXFWXUH >@ GHYHORSPHQW RI WKH DSSURDFK RI WKH GHVFULSWLRQ RI HYROXWLRQDU\SURFHVVHVQHDUWRFULWLFDOSRLQWVRIWKHDPSOLWXGHSKDVHGLVSHUVLRQRIQRQOLQHDUVWUXFWXUHWKHFDVH RIDOLQHDU SUREOHPLQ>@ LVFRQVLGHUHG
5HIHUHQFHV
>@ 11$NKPHGLHY$$QNLHZLF]³6ROLWRQV´0RVFRZ)L]PDWOLW>@ 0%9LQRJUDGRYD29 5XGHQNR$ 3 6XNKRUXNRY³7KHRU\ RI WKHZDYH
V´0RVFRZ1DXND>@ +:6FKUPDQQ966HURY<X96KHVWRSDORY³7(SRODUL]HGZDYHVJXLGHGE\ D ORVVOHVV QRQOLQHDU WKUHHOD\HU VWUXFWXUH´ 3K\VLFDO5HYLHZ( YRO  QR SS>@ 936KHVWRSDORY<X.6LUHQNR³'\QDPLF7KHRU\RI*UDWLQJV´ .LHY1DXNRYD'XPND>@ 99<DWV\N³2ZQ0RGHV1RQOLQHDU'LHOHFWULFRID/D\HUDQG$OJRULWKPRI WKH'HFLVLRQ RI 1RQOLQHDU 6SHFWUDO 3UREOHPV´ 5HSRUWV RI WKH 1DWLRQDO $FDGHP\ RI6FLHQFHVRI8NUDLQHQRSS>@ 9 9 <DWV\N ³1XPHULFDOO\ $QDO\WLFDO 0HWKRGV RI 6ROXWLRQ RI WKH 'LIIUDFWLRQ3UREOHP RQ WKH 1RQOLQHDU 'LHOHFWULF /D\HU´ (SULQW &RPSXWDWLRQDO 3K\VLFVKWWSDU[LYRUJSGISK\VLFVQRSS>@ 9 9 <DWV\N ³'LIIUDFWLRQ RQ WKH QRQOLQHDU GLHOHFWULF OD\HU DQG QXPHULFDOO\DQDO\WLFDO PHWKRGV´ 3URF WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 0LFURZDYHV 5DGDUDQG:LUHOHVV&RPPXQLFDWLRQV 0,.21:DUV]DZD3RODQG0D\ ± YROSS>@ 9 9 <DWV\N ³7KH 1XPHULFDO $QDO\VLV RI 3URFHVVHV RI 5HVRQDQW 6FDWWHULQJ RI,QWHQVLYH (OHFWURPDJQHWLF )LHOGV RQ WKH 1RQOLQHDU 'LHOHFWULF /D\HU´ 3URF,WHUQDWLRQDO &RQIHUHQFH RQ 0DWKHPDWLFDO 0HWKRGV LQ (OHFWURPDJQHWLF 7KHRU\00(7
'QHSURSHWURYVN8NUDLQH6HSWHPEHU SS>@ 99<DWV\N³1XPHULFDO6LPXODWLRQVDQG$QDO\VLVRIWKH'LIIUDFWLRQ3UREOHP RQWKH 1RQOLQHDU 'LHOHFWULF /D\HU´ 3URF 8OWUD:LGHEDQG DQG 8OWUD 6KRUW ,PSXOVH6LJQDOV 8:%86,6¶ 6HYDVWRSRO8NUDLQH 6HSWHPEHU     SS >@ 9 9 <DWV\N ³,QWHQVLW\ RI WKH )LHOG DQG 5HVRQDQW 6FDWWHULQJ RI WKH :DYHV E\1RQOLQHDU 'LHOHFWULF/D\HU´ 3URF8OWUD:LGHEDQGDQG8OWUD6KRUW,PSXOVH6LJQDOV8:%86,6¶6HYDVWRSRO8NUDLQH6HSWHPEHU SS

>@ 99<DWV\N³,QWHQVLYH(OHFWURPDJQHWLF)LHOGVDQG5HVRQDQW6FDWWHULQJRI:DYHVE\ 'LHOHFWULF /D\HU D .HUU/LNH 1RQOLQHDULW\´ 3URF ,;WK ,QWHUQDWLRQDO6HPLQDU:RUNVKRS'LUHFWDQG,QYHUVH3UREOHPVRI(OHFWURPDJQHWLFDQG$FFRXVWLF:DYH7KHRU\',3('7ELOLVL*HRUJLD2FWREHUSS>@ * ()RUV\WKH0$0DOFROP&%0ROHU³&RPSXWHU0HWKRGVIRU0DWKHPDWLFDO&RPSXWDWLRQV´ 3UHQWLFH+DOO(QJOHZRRG&OLIIV1->@ 9 9 <DWV\N ³&DOFXODWLRQ RI 2ZQ 2VFLOODWLRQ:DYH 0RGHV 1RQOLQHDU 6SHFWUDO3UREOHPV´ 3URF (XURSHDQ 6\PS RQ 1XPHULFDO 0HWKRGV LQ (OHFWURPDJQHWLFV-((
7RXORXVH)UDQFHSDUW&:0DUFKSS>@ 9 3 6KHVWRSDORY 9 9 <DWV\N ³(TXDWLRQV RI 'LVSHUVLRQ DQG 6SDFH7LPH(YROXWLRQVRI)LHOGRI4XDVLXQLIRUP(OHFWURG\QDPLF6WUXFWXUH1HDU0RUVH&ULWLFDO3RLQW´5DGLRWHFKQLFDODQGHOHFWURQLFVYROQR SS>@ 9 9 <DWV\N ³$ &RQVWUXFWLYH $SSURDFK WR &RQVWUXFWLRQ RI /RFDO (TXDWLRQV RI,UUHJXODU 'LVSHUVLRQ DQG (YROXWLRQ RI )LHOGV LQ D 4XDVL+RPRJHQHRXV(OHFWURG\QDPLF 6WUXFWXUH´ 7HOHFRPPXQLFDWLRQV DQG 5DGLR (QJLQHHULQJ YRO QR	SS
